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RESEARCH MEMORANDUM

LONGITUDINAL STABILITY AND WAKE-FLOW CHARACTERISTICS OF
A TWISTED AND CAMBERED WING-FUSELAGE COMBINATION OF
45° SWEEPBACK AND ASPECT RATIO 8 WITH A HORIZONTAL
TATL AND STATL-CONTROL DEVICES AT A
REYNOLDS NUMBER OF 4.0 x 105

By Gerald V. Foster

SUMMARY

An investigation has been conducted to determine the effects of a
horizontal tail on the longitudinsl stebility characteristics of a swept-
back, twisted and cembered wing in combination with a fuselage and various
arrangements of high-1ift and stall-control devices. The tests were made

at a Reynolds number of 4.0 X 106.

The results indicate that for the taill positions investigated the
optimm effect of the horizontal tail on the longitudinal stability of
the wing-fuselage comblnation was obtalined with the tail located at
6 percent wing semispan below the wing-root-chord plane. With the tail
at this location the minimum change of static margin (0.12 mean sero-
dynamic chord) through a 1lift range up to approximately maximum 1ift
coefficient (1.51) was obtained with chord fences located at 57.5 per-
cent and 80.0 percent wing semispan. Some further improvement of the
stability characteristics in the range of 1ift coefficients greater
than 1.0 was realized with three or four fences installed on each wing
semispan. The leading-edge flaps extending outboard from 52.5 percent
wing semispan to approximstely the wing tip provided slightly less
improvement in the longitudinal stability characteristics than chord
fences.

The longitudinel stebllity of the wing-fuselage combination equipped
with a horizontal tail located at the optimum positlion and elther chord
fences or leading-edge flaps was adversely affected by extended split
flaps deflected 23°.
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INTRODUCTION

An extensive investigatlion has been corducted in the Langley
19-foot pressure tunnel of the low-speed aerodynamic characterlstics of
a 45° sweptback wing of aspect ratio 8 with and without twist and camber.
One wing was twisted and cembered in order to provide an elliptical spen-~
wise loading and a uniform chordwise loading at a 1lift coefficient of 0.7
and a Mach number of 0.9. The combined effects of twist and camber on
the spanwise loading and longltudinal serodynamic characteristics of the
wing are indicated by the resulte presented in references 1 to 4. Refer-
ences 5 and 6 show the effect of horizontal-tail height on the longltu-
dinal stabllity characteristics of -the wing-fuselage configuration and
indicate the advartage to be achieved by the use of the twist and camber
and g properly located horizontal tail.

The present paper contains results which extend the information
presented in reference 6 concerning the effects of fences on the longi-
tudinel stebility of the wing-fuselage-tsill combination and includes
results obtained with 45-percent-semispan leading-edge flaps and
50-percent-semispan extended split flaps. Results of air-flow surveys
mede in the reglon of the horizontal tail are also presented. These

date were obtained st s Reynolds number of 4.0 x 100 and & Mach mmber
of 0.19.

SYMBOLS
cr 1ift coefficient, Lift
o]
Ct meximum 1ift coefficient
Cm pliching-moment coefficient sbout a point 0.0934& above

0.258 point of wing, Pitching moment

gSc
S wing ares, sq ft
Sy tall area, sq ft .
_ 2 o
¢ mean serodynemic chord, EL/ﬁ cldy, £t

0
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wing chord, ft
tail chord, ft
wing span, ft
tail span, ft

lateral distance from plane of symmetry
- 1.2
free-stream dynamic pressure, 5P

mass density of air

free-stream velocity

megsured local downwash angle, deg
effective downwash asngle, deg (see eq. (2))

ratio of locel dynesmlc pressure at tall to free-stream
dynamic pressure

local sidewash angle (inflow negative), deg

angle of attack of wing-root chord, deg

rate of change of pltching-moment coefficlent with 1lift
coefficient

tail-effectiveness parameter (see eq. (3))

pitching-moment coefficlient due to tail

rate of change of pitching moment with tall incidence angle

rate of change of piltching-moment coefficient due to tail
with angle of attack

lift~-curve slope of isolated tail

angle of attack of tall, deg (see eq. (1))
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1 taill length, distance from 0.25¢ point of wing to 0.25¢ point
of teil

it incidence angle of horizontal tail measured with respect to
wing-root chord, positive when trailing edge is down, deg

s angle of incidence of wing witk respect to fuselage center
line, deg

z vertical distance from wing-root-chord line extended,

positive above

& flep deflection, deg
MCODEL AND APPARATUS

Figure 1 shows the model mounted on the support strute in the test
section of the tunnel. A drawing of the model and some of the geometric
characteristics are presented in figure 2. The wing had L45° sweepback
along the quarter-chord line, an aspect ratio of 8, a taper ratio of 0.45,
and amounts of twist and canmber determined by method of reference 7 to
provide an ellipticel spanwise loading and a uniform chordwise loading
at a 1ift coefficient of 0.7 and a Mach number of 0.9. NACA 63-series
airfoll sections having a l2-percent-chord thicknegs ratio were dis-
tributed sbout a slightly modified & = 1.0 mean line (ref. 3) having
the desired deslgn 1ift coefficient. Figure 3 shows the spanwise varia-
tion of twist and the distribution of the section design 1ift coefficient.

The fuselage was circular In cross section and had a fineness ratioc
of 10. Provisions were made in the fuselsge so that the wing could be
attached at either 0° or U4° incidence with respect to the fuselage center
line.

The horizontal tail had L5° sweepback along the quarter-chord line,
an aspect ratio of k, a taper ratio of 0.45, and NACA 637A012 airfoil
sectionsg parallel to the plane of symmetry. The tall was mounted on a
gteel strut whlch was attached to the fuselage. The verticsel height of
the tail, defined as the perpendiculer distance measured from the wing-
root-chord line extended to the 0.25¢ of the tail, could be set at
various heights ranging from 0.30b/2 sbove to 0.15b/2 below the wing-
root chord extended (fig. 2(b)).

Details of fences, leading-edge flaps, and extended eplit flaps,

are shown in figures 2(c), (d), and (e). The fences Were made of
l/l6-inch sheet steel and were attached perpendicular to the upper
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surface of the wing. The fences which extended chordwise from 0.05¢c or
less to the trailing edge are referred to as 'chord fences." The fences
which extended around the leading edge to 0.25¢c on the lower surface are
referred to as "complete fences." The fence height was varied from 0.10c
to 0.018c although throughout the major part of the investigation the
fences extended 0.072c above the wlng surface. The fences were located
on both semispens of the wing at positions indicated in figure 2(c).

The leading-edge flgps extended outboard along the wing leading
edge from 0.525b/2 to 0.975b/2 (fig. 2(d)).

The extended sgplit flaps had a chord equal to 20 percent of the
local wing chord in the undeflected position and could be deflected
23° and 52° from the lower surface of the wing parallel to the plane
of symmetry. The flaps extended outboard from the wing-fuselsge Jjuncture

to 0.50b/2.

The survey apparatus and the 6-tube rake described in reference 8
were used to meagure local values of dynamic pressure, downwash angle,
end sidewash angle.

TESTS

The tests were conducted in the Langley 19-foot pressure tunnel
with the air compressed to approximately 33 pounds per square inch,

absolute. The tests were made at a Reynolds number of 4.0 X 105 and &
Mach number of approximstely 0.19.

Measurements of 1ift and pitching moment of the wing-fuselage combi-
netion with and without the horizontal tall were made through an angle-
of-attack range from -4° to 31°. The various configurations tested are
summarized in teble I.

Measurements of downwash angle, sidewssh angle, and dynemic pregsure
behind the wing-fuselage configuration (iw = h°) were made 1n plane nor-

mal to the longitudinal axis of the tunnel and 2.93¢ behind the quarter
chord of the mean aerodynemic chord of the wing. The survey plane repre-
sents a compromise between the extreme Porward and resrward movement of
the quarter-chord polnt of the mean serodynamic chord of the tail. The
meximm deviation of the 0.25cy from the plane of survey occurred at large

angles of attack and smounted to 6 percent of the tail length forward of
the tail located at =z = -0.06b/2 and 6 percent tail length rearwerd
for the tall located at z = 0.30b/2.
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Reduction of Data .
The force and moment data heve been reduced to nondimensional coef-
flcients and corrected for airstream misalinement, jet-boundery effects, *

and support tare and interference effects. The jet-boundary corrections
were determined by the method of reference 9 and are ag follows:

0 = 0.39CH,

For configuration with tall off,

ACm = 0.0035CT,

For conflgurstion with tail on,
ACp, = 0.0055Cr,

A1l corrections were added.

The alr-flow survey data have been corrected for jet-boundery effects
by an angle change to the downwash and downward displacement of the flow
field. These data are presented 1n the form of contour charts.

Effective downwash angle.- Valueg of effective downwash angle were
determined from the pitching-moment dats obtalned with and without the
tail. The method by which effective downwash angle was computed is
shown by the following equations:

Cm.
e (1)
Qmit
€ = O - O + 1y (2)

where Cmt represents the dlfference between the pliching-moment coef-

ficient cbteined with the tail on and that obteined with the taill off.
This procedure of determining effective downwash 18 based on the premlse
that the 1ift of. the tall varies lineasrly with angle of attack of the
tail; however, as indicated by results of isolated-tail tests (fi1g. 4)
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this would be true only for & small range of iy. Since the tail inci-

dence angles were selected to provide s trim condition at moderate and
high angles of attack, the tail operated beyond the linear part of the
1lift curve at low angles of attack of the camplete model. Hence the
values of effective downwash angle up to approximately 8° angle of
attack should be scmewhat lower than the values glven.

Teil-effectiveness pasrameter.- The stabilizing contribution of the
horizontal tall can be conveniently expressed by & teil-effectiveness
rarameter T defined as follows:

(3)

The values of T presented herein were obtained by use of the following
expression:

- | (1)

S
where E;-% = 0.48 and (C]-_a)t = 0.055. The tail-efficiency parameter
<

represents the effective change in the lift-curve slope of the taill due
to the effect of fuselage interference. Negative values of T signify
that the tail is contributing stability.

The values of T presented herein were determined from date which
in some cases were considerably out of trim. It may be seen from equa-

o

tion (3) that when SéL is zero, the magnitude of @4 does not affect
the values of 7T and therefore the values of T are applicable to any
2t
degree of trim or to any center-of-gravity location. When the term §§L
ig of finite value, the changes in ¢4 required to provide trim were of
At

3%

such a magnitude that the product of the change in o and = pro-

x
duced only minor effects on the trends indicated by the curves of .
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It should be pointed out that the values of T based on a constant
value of (cla)t underestimste the effectiveness of the tall at low

angles of attack of the model due to nonlinearity of the tail 1ift curve. .

RESULTS AND DISCUSSION

Presentation of Data

The effects of the horizontal tall on the 1lift and pitching-moment
characteristics of the wing-fuselage configuration with and without
various arrangements of high-11ft and stall-control devices are indi-
cated by the data presented in figure 5 and table I. The effects of the
horizontal tall located at various vertical positions on the static longl-
tudinal stability are indicated in figure 6 by the variations de/dCL

with 1ift coefficient. Variations of taill-effectiveness parameter +
with angle of attack are presented in figure 7. Inasmuch as T 1s
mainly influenced by d€e/da, variations of effective downwash angle -

with angle of attack are also presented in figure 7. The results of

air-flow surveys are presented in figures 8 and 9 as contour charts of

downwash angle, sldewash angle, and dynamic-pressure raetioc. The lack *
of data et one spanwise station for an angle of attack of 23° necessitated
interpolating from a cross plot of the data obtained at a given vertical
position relative to the wing-root-chord plane egainst spanwise posgition.
Shading has been used to designate the contours influenced by interpolated
values.

Longitudinal Stability

In general, the longitudinal stablllity of the plain-wing-fuselage -
configuration in combinatlon with a horizontel teil was unsatisfactory.
The variations of dCm/dCr, (figs. 6(a) and (b)) indlcate that, elthough

the tail at all vertical poslitions investligated improved the stability,
dCp /4CT, became positive above a 1ift coefficient of 0.7 as in the case

of the tail-off confilguration. Reference 4 indicates that the instability
at moderate and high 1ift coefficients, due primarily to a loss in 1lift
effectiveness of the outboard sections of the wing, can be substantiaelly
improved through the use of fences to control the boundery-layer cross
flow. A comparison of the results presented in figures 6(c) and (d) with
those in figure 6(a) indicates that fences markedly improved the stability
of the tail-on and tail-off configurations through the moderate and high
1ift-coefficlient range. It may alsoc be noted that because of the improve-
ment provided by the fences the differences in effectiveness of the hori-
zontal tail at various vertical locatlons become more significant. The
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variations of de/dCL for the configuration equipped with chord fences

located at O.575b/2 and O.80b/2 and the horlzontal tell located =t
z = -0.06b/2 indicate that the change in the static margin through a
1ift range up to almost CImax (1.51) was relatively small and amounted

t0 approximately 0.12 mean aerodynemic chord; whereas, with the hori-
zontal tall located at z = O.lhb/2, the change in static margin was
approximately 0.22 mean serodynamic chord.

Reference L indicates that more than two fences provided a greater
improvement in the stability characteristics of the wing eslone prior
to Crp., than with two fences. The variation of dCp/dCp, with Cg

(fig. 6(d)) indicates that with four fences installed on the airplane
configuration the stabillity was markedly increased through a range of
1ift coefficients from approximately 1.0 up to almost CLmax with the

tail located at either 2z = 0.14b/2 or -0.06b/2. A similar change in

the stabillty was also noted with three complete fences located at O.h5b/2,
0.70b/2, and 0.89b/2 (table I). Considering the effects of various fence
configurations on the longitudinsl stability characterigtics, the minimum
change in the static masrgin through the 1ift range was obtalned with
fences located at 0.575b/2 and 0.80b/2.

A comparison of the curves of dCp/dC, presented in figures 6(c),

(4), and (g) indicates that the improvement in the stability character-
istics of the tall-on configuration was slightly greater with elther
multifence arrasngement than with 0.45b/2 leading-edge flaps. The differ-
ence in stebility of the tail-on configuration equipped with fences or
leading-edge flaps is assoclated primarily with the difference in effec-
tiveness of these devices on the stability characteristics of tall-off
configuration.

The eddition of O.50b/2 extended split flaps (8f = 23°) had an
adverse effect on the stabllity characteristics obtained with the hori-
zontal tail at all vertical positions investigeted. With the tail located
at z = -0.06b/2 and the wing eguipped with elther chord fences located
at 0.575b/2 and 0.80b/2 or with 0.45b/2 leading-edge flaps, the addition
of O.50b/2 extended split flaps produced an additional increase of approxi-
mately 0.13 mean aerodynamic chord in the change of static margin through
the 1ift range up to approximately Cr,., (see figs. 6(c), (e), (&),

and (1)).

It 1s interesting to note that, with the horizontal tall located at
zZ = O.lhb/2, the addition of the extended split flaps (&f = 23°) produced

a change of the static margin through a 11ft range up to epproximately
Clgmax Which was eappreciably larger with the wing equipped with leading-

edge flaps than with chord fences (figs. 6(e) and (i)). The large change
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of static margin of the wing-fuselage combination equipped with O[h5b/2
leading-edge flaps and 0.50b/2 extended split flaps (&f = 23°) was
markedly reduced when the angle of deflection of the split flaps was
increased. from 23° to 520 or by the addition of chord fences located

at 0.575b/2 and 0.80b/2 (fige. 6(1), (J), and (h)). The improvement in
the stability characteristics with chord fences resulted essentially from
an improvement in the stability characteristics of the tall-off configu-
ration Just prior to Cr,.y; whereas, Increasing the angle of deflection

of the split flaps in combination with leading-edge flaps tended to
increase the effectiveness of the horizontal tail located at z = -0.06b/2
and O.lhb/E. The change of static mergin through the lift-coefficient
range from spproximately 0.2 up ta approximately Cp of the configu-

ration with the horizontal tail located at z = -0.06b/2, O.L5b/2 leading-
edge flaps, and extended split flaps deflected 520 was approximately O.14
mean aercdynamic chord.

Horizontal-Tall Effectlveness

The effectiveness of the tail varied with its vertical position in
g manner similar to that indicated by previous investigations of a swept-
wing airplane configuration with tall lengths ranging from 1.7 to 3.0
(for exsmple, see refs. 5 apd 10)}. The values of T for the flap-neutral
configuration, fences off, (fig. 7(b)) indicate that at moderate and high
angles of attack the tall located O.lhb/e above the wing-root-chord line
extended was more effective than the tail located 0.30b/2 gbove the wing-
root-chord line extended. This difference 1n tall effectiveness results
primerily from a more favorable variation of downwash angle with angle
of attack below the wake center than above the weke center. It may be
noted from the contours of dynamic-pressure ratio that the tail located
at z = O.lhb/z has moved down to approximstely the center of the wake
at an angle of attack of 19° (fig. 8(c)); whereas, the tail located at
zZ = O.30b/2 is still approximately O.lOb/2 eabove the center of the wake
at an angle of attack as high as 25° (fig. 8(d)).

A comparison of the values of T presented in figures T(e) to (i)
with those shown in figures T7(a) and (b) indicates that addition of the
extended gplit fleps in combination with stall-control devices tended
to alter the effectiveness of the tail. A comparison of the contours of
dynamic-pressure ratio (figs. 8 and 9) indicates that an appreciable
shift in the wake center resulted with the extended split flaps deflected
2%C and fences. The influence of the split flaps on the wake resulted
in changes of 7 which occurred at low angles of attack for the teil
located at 2z = 0.06b/2 and at high angles of attack for the tall
located at 2z = 0.30b/2. It is believed that the split flaps caused the
major part of the change in the tall effectiveness since the addition of
either type of stall-control device without the split flap present had



NACA RM L53D08 AN 11

a negligible influence on the effectiveness of the tall located either
above or below the wing-root-chord line extended.

CONCLUDING REMARKS

The results of an investigation of the low-speed longltudinal sta-
bilitg characteristics of a twisted and cambered wing having sweepback
of 45° and an aspect ratio of 8 in cambination with a fuselage and a
horizontal tall indicate that:

For the tail positions investigated, the optimum effect of the
horizontal tail on the longitudinal stability of the wing-fuselage com-
bination was obtained with the tail located at 6 percent wing semispan
below the wing-root-chord plane. With the tall located at this position
the minimum change of static margin (0.12 mean aerodynsmic chord) through
a 1ift range up to approximately meximum 1lift coefficient (1.51) was
obtained with chord fences located at 57.5 percent and 80.0 percent wing
semispan. Some further improvement of the stability characteristics 1in
the range of 1lift coeffilcients greater than 1.0 was realized with three
or four fences installed on each wing semispan. The leading-edge flaps
extending outboard from 52.5 percent wing semispan to approximately the
wing tip provided slightly less improvement in the longitudinal stability
characteristics than chord fences.

The longitudinal stability of the wing-fuselage comblnation equipped
with a horizontal tailil located at the optimum position and either chord
fences or leading-edge fleps was adversely affected by extended split
flaps deflected 23°.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Va.
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SUMMARY OF PITCHING-HOMENT CHARACTERISTICS OF AN AIRPLANE

HODEL EAVINO 4 45° SWEPTBACK, TWISTED AND CAMBERED WING

Span Span
pf L.Edof T.EJ

1.0 5
gl %
14 =q°
30.0 [
- ]
S
1, = 0° ]
Tall off ]

s locatio: Tall helight, percent sing aemiapan PLgure
e vice,|device, l,wmb/z tom, from wigg-;'g:t chord extended Cn Characteristics &
bv/2 b/2
=3
057 b B T12162.0
Tail off Oy p
0.3 |
- g
i, = 0° o ; P
=-0.1
-15 i
-
iy = o° L__.___l_a_l__x
-
k.5
S - g
———
iy = o° i 1 3 1 ]
Kone None Kone
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TABLE I.- Contimed
SUMMARY OF PITCHING-MCMENT CHARACTERISTICS OF AN AIRFLAKE
MODEL EAVING A 45° SWEPTBACK, TNISTED AND CAMBERED WING
Span Span
bf L.EJof ?.EJ Tail height, parcent wing semis Figure
de vice, |device)) hn“b}gc ation, from wing-root chord expended & Om Characteristics
b/2 bv/2
[+
0.3¢ L
Tail off 1 & .8 "1.21.62.0
0.2}
= == | oa}
1, = 4° G o \_'7' e !
w
~0.1 L
-6.0 [
P . r 5(b)
= —
1y = 4°
1.0
N
o
Se— N
i, =}° l.
30,0 = A
~Ne o b
\)
iy = 3
Teil off N
Nono Rone
<575 1 1 L I -l
o e ——
Fence height -6.0 [
0.018¢ 0.072¢ C—_—_—_> N
\CS/ =
1 = O P YU
Tall off
1w = 4°
-6.0
T = =
-
= L@
1, =k
Tall off 1)
1, =4° vm
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TABLE I.- Continued
SUMMARY OF PITCHING-MOMENT CHARACTERISTICS OF AN AIRPLAKE
MODEL HAVING A ll5° SWEPTEACK, TWISTED AND CAMBERED WING

Span Span
f L.BdJof T.Ed tion, Talil helght rcent wing semispan
F°‘1“’ davice, Eene;/%uﬂ o from vii.g,g-r"og: ch:rd a;gended. Cn Characteristics Pigure
v/2 | v/
[»
-6.0 0.2 o4 8 T122.62.0
S U
— ta o
= 1,©
i" b 0.1 L
.0
j—tf ‘ 5(c})
Hone Rona fy = K° -
30,0 <= A
-
1' = ;T - r : j
Tail off B
1, = L° 7—44
6.0 I
< P —— > -
45L.E 4 e - !
£1ap | None Nons 1=k CoC 5(a)
1, = 4° 1440
Ay
= = ' t
L =14° 30.0 =
Tall off r 5
.5 ext L
Nons | & &tt . 5(e)
8223 | :
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TPASLE I.- Continued
SUMMARY OF PITCHING-MOMENT CHARACTERISTICS OF AN AIRPLANE
MOCEL HAVING A kso SWEPTBACK, TWISTED AND CAMBERED WING
L e o T E "
=Eo -Ed Fence location. Tall height recent wing semispen gure
devics, [device, b/2 ’ from -152-4‘03'5 chord oxtended Cn Characteristics
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(a) Front view.

Figure 1.~ The twisted and caxbered wing-fuselage configuration in
combinetion with e horizontel tail mounted in the Langley 19-foot
pressure tunnel. Taill height, 0.1l4b/2.
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(b) Rear view. :

Figure 1.- Concluded.
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(a) Geometry of wing, fuselage, and horizontal tail.

Figure 2.- Model details. All dimensions in inches except where noted.



Tait heighs, peércent byp
above wing-root-cporg blope

——————
- ~

-
STEaER

——K=ES

— 300

—

Root ss*r:»'f'an—k

of wing

\Paim of rotation

Wing-root-chord planex

l.' “'00

S~

-,

8OMCT W vovy

c2



A ‘
""0035(:"' |-.-0.25°...1

Complete fences
30°

10° —0.072¢ 0.072¢
qu tﬁ'ﬁ% o
i !

o
3p° [~ 0.018c 30° 30 °
R

Fence hejght varied from
0,018¢c at 0.05¢ to 0.072c
at 1.00c

Fences

Horisontal plane through
root.chord line

'-_.‘/ -

wooden block

b¢

Ssction B=3 (m]‘rgod)
6.0 radiua Extendsd split flap
Section A-A (enlarged)

Leading-edge flap

<

Spars se station at which
fences wers located

(C) Fences,

(d) Leeding-edge fleps.

(e) Extended split flaps.

Figure 2.- Concluded.

42

BOTECT I VOVN




1Q NACA RM L53D08 T 25

&
- 'EN /.0
Q
S
:: //
3 .8 L
S —T |
o«
< &
S
S
G
(% 4
o
\\
o \
s 4 =
5 SN
S \\\
'3 .
Y \
=12
o 2 .4 .6 N1 10

Spaonwise station, 2y/b

Figure 3.- Spanwise variation of wing twist and distribution of section
1ift coefficient of the twilisted and cambered wing.



10 -

4

g | w5

-4 o 4 8 /2 /6 20 249 28

@, deg

Figure L.~ Variation of 1ift coefficlent with angle of attack of the
45° sweptback tail of aspect rstio 4.0 amd NACA 63,A012 airfoil sections.

R = 2.26 x 100 corresponding to the wing R = 4.00 x 106.

9<

g0asT W VOVN




NACA RM L53D08 L ] 27

L4
Lt
to
&
-6 Tall height 1, 1,
GL D (rercent b/2) (deg) (deg)
4 o orf o b
o -0.06 -11.8
Q% TR
2 v :11;5 -u:g 0
" 2 3 38 3
e
<&
"'.4 sy
.6
- -
8 )f’
4 y. I .J)’o} g
. ¥ /
3 N 4
Cm [Tt S ket
A RE s 2N 190] :
RN A
o 'g"( .
MM% AIJ. - g a
Cemros ' \\ﬁsgyff -
.../ i i | ] i ] ]
-4 e 4 & 12 16 20 24 28 32
@, deg :

(a) Plain wing.

Figure 5.~ Veriation of 1ift coefficient and pitching-moment coefficient
with angle of attack for various tail positions.
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Figure 5.- Continued.
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(c) Complete fences located at 0.35b/2, 0.575b/2, and 0.80b/2; chord

fences located at 0.89p/2; 1, = 4°.

Figure 5.~ Continued.
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Figure 5.~ Continued.
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Figure 5.- Continued.
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Figure 9.- Contimed.
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Figure 9.- Concluded.
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